Abstract: Intrinsic factors such as female age and mating status have been found to affect female choosiness. However, as these factors are often confounded in the wild because mated females are usually older individuals, the relative influence of these two factors on female behaviour is unclear. Using a fully factorial design, we tested the relative effects of age and mating status of female field crickets (Gryllus pennsylvanicus Burmeister, 1838) on both (i) the probability that she would mate and (ii) her latency to mate. We found that virgin females were both more likely to mate and copulated more quickly than mated females, but female age had no significant effect on either the probability of mating or the latency to copulate. These results clearly show that mating status is more important in determining female mating behaviour than age. We suggest that previous work which showed an age effect on female choosiness in virgins alone might be of reduced relevance if most females do not remain unmated for long.
Introduction
Most studies of mate choice focus on variation among males in the traits subject to selection by females (reviewed in Andersson 1994) . Although female behaviour that leads to mate choice has often been considered static, there is a large and expanding literature showing that female mating behaviour is affected by a variety of factors (reviewed by Jennions and Petrie 1997) . As predicted by theory (Real 1990 ), female choice is sensitive to costs, with females decreasing their choosiness in response to increased energetic costs of sampling (e.g., Milinski and Bakker 1992) , decreased nutritional status (e.g., Gwynne 1993) , increased predation risk (e.g., Hedrick and Dill 1993) , parasite infection (e.g., Pfennig and Tinsley 2002) , and decreased mate availability (e.g., Souroukis and Murray 1995) .
In addition to these extrinsic factors, female mate-choice behaviour is affected by intrinsic factors such as mating and age. For example, the sexual receptivity of females decreases after mating in a wide variety of taxa, including dipterans (reviewed in Leopold et al. 1971; Mair and Blackwell 1998) , crickets (Koudele et al. 1987; Fleischman and Sakaluk 2004) , water striders (Ortigosa and Rowe 2003) , and scorpions (Peretti and Carrera 2005) . Likewise, increasing female age has been found to correlate with decreased choosiness in crickets (Gray 1999) , cockroaches (Moore and Moore 2001) , and fish (Kodric-Brown and Nicoletto 2001). However, these two factors are often confounded because mated females are typically older than virgin females; therefore, the question arises as to whether female mating status or age is more important in determining mating behaviour.
To date, only two studies have attempted to address this question. In the first study on the Trinidadian guppy (Poecilia reticulata Peters, 1859), Kodric-Brown and Nicoletto (2001) assessed the mate choice behaviour of females when they were young (6 months old) and then later in life (12 months old), after which they were mated and their mate-choice behaviour was assessed again. They concluded that age is a more important factor than mating status in determining female mate-choice behaviour. Unfortunately, however, their experiment could not explicitly test the relative effects of female age and mating status because its design was not fully factorial. A separate second experiment has since dealt with this problem and addressed the question of the relative importance of female mating status and age in house crickets (Acheta domesticus L., 1758) (Mautz and Sakaluk 2008) . In A. domesticus, female age had the greater effect, but mating status was varied by only a small degree -between three and four matings.
We addressed this question in another gryllid, the fall field cricket (Gryllus pennsylvanicus Burmeister, 1838), by assessing female mate-choice behaviour for all four possible combinations of female mating status (virgin and mated) and female age (young and old). Two features of our study distinguish it from previous work. First, this is only the second experiment to address female age and mating-status effects in a fully factorial design, but we test for differences between mated and unmated females rather than different numbers of mates. Females typically receive enough sperm from one mating to fertilize all of their eggs, so female mating behaviour is likely to differ more between virgin and once-mated females than between those who have mated different numbers of times. In this way, our study provides a complimentary view on the question of the relative importance of age versus mating status to female choosiness. Second, we based our age treatment on the natural range of female ages found in wild populations of G. pennsylvanicus (Zuk 1987; Murray and Cade 1995) .
Materials and methods

Husbandry
All individuals used in this experiment were first-generation progeny of crickets collected from the grounds of the University of Toronto Mississauga campus (43832'50.51@N, 79839'37.80@W) in the late summer and early fall of 2004. We reared all individuals in an environmental chamber set to 258C, 70% relative humidity, and a 12 h light : 12 h dark cycle. All crickets were supplied with cardboard egg cartons for shelter and cotton-plugged water vials for moisture. Food was either cat chow (Purina 1 ) or rabbit chow (Little Friends Rabbit Food, Martin Mills Inc.) depending on the replicate of the experiment (see below).
We collected late-instar female nymphs from a large rearing colony of approximately 200-300 individuals and housed them in individual plastic containers with food, shelter, and water. Food was replaced weekly and water replaced as needed. Female nymphs were monitored daily for individuals that had moulted to adulthood. As a result, we knew the age of all females to within 24 h.
Adult males were collected from a large colony of breeding adults at least 48 h prior to the experiment, and housed in individual plastic containers. This 48 h period ensured both that males had ample time to reconstitute a spermatophore if they had mated recently, and that all males used were viable (i.e., not senescent when picked out of the breeding colony). Food, water, and shelter were provided in the same manner as outlined for female crickets.
Mating trials
The trials included in this analysis occurred in two separate replicates separated in time by~30 days and conducted by different experimenters. In the first replicate carried out by K.-C.T., crickets were fed cat chow. The second replicate was carried out (by both K.A.J. and K.-C.T.) to solidify the experimental findings (Kelly 2006) , and by this time we had changed our husbandry methods and were feeding all of our colonies rabbit chow. Apart from these features, all methods were identical for each replicate.
We randomly assigned both young and old females to one of two mating status treatments: mated and virgin. Females that were 10-12 days postadult eclosion on the day of the experiment were classified as young, and females 20-22 days postadult eclosion were classified as old. Twenty days postadult eclosion represents the upper range of ages found for this species in the wild (Zuk 1987; Murray and Cade 1995) . Females assigned to be mated were paired with a haphazardly assigned male 48 h prior to the experiment and allowed to copulate. Copulation was identified by the successful transfer of a spermatophore. Males used to mate females were not reused in the experiment. Virgin females had no experience as adults with males before the experiment. We therefore had four experimental treatments: young virgin, young mated, old virgin, and old mated.
To test the effect of female age and mating status on female mate-choice behaviour, we paired females from each of the four experimental treatments with a different, haphazardly chosen male. For these mating trials we used a nochoice experimental paradigm (e.g., Shackleton et al. 2005) , where females lacked a choice of mates and could only decide on (i) whether to mate or not, and (ii) how quickly to do so. Each female-male pair was introduced gently into a clean plastic container with a paper towel disc lining the bottom for substrate. We recorded the duration of time from when the male first produced a bout of courtship song to when the female copulated with the male (latency to copulate). If a female did not copulate within 20 min of the initiation of courtship song, we recorded that the female did not copulate, stopped the trial, and assigned a value of 20 min for her latency to copulate. We also stopped trials in which the male failed to initiate courtship within 30 min. In these cases the female was paired with a different male later on the same day. All trials were conducted under red light to minimize potential visual disturbance to the crickets.
We started with 51 females in the first replicate and 98 females in the second replicate of this experiment. However, two females assigned to the mated treatment failed to mate and so were excluded from the experiment. Also, owing to male failure to court, we removed 4 females from the first replicate and 14 from the second replicate, giving us 47 and 82 females in the first and second replicates of our experiment, respectively.
Statistical analysis
We tested the effect of mating and female age on the probability that a female would mate using multiple logistic regression. We included female age (young = 0, old = 1) and female mating experience (virgin = 0, mated = 1), as well as experimental replicate (first = 0, second = 1), as categorical independent variables and whether the female mated (no = 0, yes = 1) as the dependent variable. We also included the three-way and all two-way interactions involving the independent variables in the analysis. For females that mated in the experiment, we tested the effects of the above independent variables on a female's latency to copulate using a univariate general linear model with latency to copulate (in seconds) as the dependent variable.
All statistical analyses were carried out using SPSS version 10.0.7 (SPSS, Inc., Chicago, Illinois, USA) at a type I error rate of 5%. All tests were two-tailed.
Results
Effects on probability of mating
None of the interactions between replicate and the other two independent variables (age and mating status) had significant effects on the probability that a female would mate. We removed these interactions from the logistic regression and reanalyzed the data. This reduced logistic model explained a significant proportion of the variation in the probability that a female would mate (c 2 ½4 = 23.088, p < 0.001; Nagelkerke R 2 = 0.238). The reduced model revealed statistically significant main effects of replicate (Wald c 2 = 10.651, p = 0.001) and mating status (Wald c 2 = 4.639, p = 0.031), but not age (Wald c 2 = 1.640, p = 0.200) or the interaction between mating status and age (Wald c 2 = 0.715, p = 0.398). Virgin females were more likely to mate than mated females, and females in the second replicate were more likely to mate than females in the first replicate (Fig. 1) .
Effects on latency to copulate
We removed the three-way and two-way interactions involving replicate because they did not have a significant effect on latency to copulate. The reduced model was statistically significant; virgin females mated more quickly than mated females (F [1, 124] = 16.666, p < 0.001; Fig. 2 ) and the first replicate had a significantly higher latency to copulate than the second (F [1, 124] = 16.366, p < 0.001; Fig. 2 ). Neither age nor the interaction between age and mating status had a significant effect on latency to copulate (age: F [1, 124] = 0.846, p = 0.359; age Â mating status: F [1, 124] = 0.129, p = 0.720).
Discussion
We tested the relative effects of mating status and age on female mate-choice behaviour, factors that are often confounded in natural situations. Our study shows that female mating status has a greater effect on choosiness than female age; mated females were less likely to mate than virgin females regardless of age (Fig. 1) , and when they did mate, mated females took longer to copulate than virgin females (Fig. 2) .
Several studies have found an effect of female age on mating behaviour, including female preferences (Gray 1999) , the outcome of sperm competition (Mack et al. 2003) , and female receptivity (Mair and Blackwell 1998; Moore and Moore 2001) , but only in virgin females of differing ages. However, if females do not remain unmated in later life, as expected in nature, then the significance of an age effect among virgin females is less relevant. Recent theoretical work suggest that there should be strong selection on females to acquire their first mating if there is a risk of going unmated (Kokko and Mappes 2005) . This suggests that at any given time, most females in a population should be mated at least once (found for G. bimaculatus; Bretman and Tregenza 2005) , and that age may play a role in affecting the mating behaviour of mated females. This theoretical work resolves the apparent conflict between our results and those of Mautz and Sakaluk (2008) . We found that female age had no impact on choosiness relative to the effect of remaining unmated, whereas the study by Mautz and Sakaluk (2008) showed that when females have mated three or four times, older females mate more quickly than younger females.
There were differences in the probability that a female would mate between the two replicates of our study, with females in the second replicate mating more readily than females in the first replicate. Our two replicates differed in the diet the crickets received -individuals were fed cat chow in replicate one and rabbit chow in replicate two. The latter diet has been found to be of much higher quality for this species of field cricket (K.A. Judge, unpublished data), and the results of the present study seem to support these findings and previous studies on the condition-dependence of female mate choice (reviewed in Hunt et al. 2005) . In our study, females fed rabbit chow (putative high-quality diet) mated more readily than females fed cat chow (putative low-quality diet). In the black field cricket, Teleogryllus commodus (Walker, 1869), females reared on a high-quality diet were much more responsive to mating calls than females reared on a low-quality diet . These results suggest that males of these two cricket species do not provide material benefits to their mates as food-deprived females should increase their mating rate if that were so (Gwynne 1993) . Interestingly, in another study on G. pennsylvanicus, females fed a low-quality diet based on rabbit chow moved to a speaker broadcasting male song more quickly than females fed a high-quality diet (K.A. Judge, J.J. Ting, and D.T. Gwynne, unpublished data). These conflicting results suggest that the effects of diet on female choice in this species would benefit from a manipulation of both the relative proportions of nutrients and their quantity.
In G. pennsylvanicus, experienced females exert stronger selection on male traits than virgin females (Judge 2010) , where experienced females were likely both mated and older than virgin females. Our results suggest that the differences in selection exerted by the two classes of females is likely due to differences in mating status more than differences in age. However, we note that our virgin females had no prior experience of males, meaning that social experience and mating status were confounded. Thus, the mating status effect could be due not to copulation per se but to some other aspect of mating such as experience with male pheromones (e.g., Ivy et al. 2005) . However, we do not feel that this detracts from the main message of our study that virgins are less choosy because virgin females in nature are also likely socially naive.
In conclusion, we found that female mating status has a stronger effect on mate-choice behaviour than female age -virgin female G. pennsylvanicus are more likely to mate than females that have mated once before. This is expected given that virgins lack sperm stores with which to fertilize their eggs, and given the diminishing returns to females of mating multiply (Bateman 1948) . However, female field crickets have been shown to be highly polyandrous in the wild (Bretman and Tregenza 2005) , and some of this polyandrous mating is probably due to female aging (Mautz and Sakaluk 2008) . 
